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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to an image 
forming apparatus, particularly a printer, facsimile appa- 
ratus or similar electrophotographic image forming ap- 
paratus, and a toner container therefor. Further, the 
present invention relates to a toner conveying pump in- 
cluding a tubular stator formed with a spiral groove and 
a rotor spirally extending such that a space for convey- 
ing toner is formed between the stator and the rotor. 
[0002] It is a common practice with an image forming 
apparatus to use a toner container storing toner and im- 
plemented as a cartridge, bottle or similar hard contain- 
er. The hard toner container, however, brings about var- 
ious problems when replaced and discarded. In light of 
this, a bag-in-box type toner container made up of a de- 
formable bag and a rigid box accommodating the bag 
therein has been proposed. The bag is implemented by 
a resin, paper or similar flexible sheet and can have its 
volume reduced, as needed. A powder pump, for exam- 
ple, stably replenishes toner from the toner container to 
a developing device remote from the toner container. 
The toner container is mounted to the apparatus with its 
mouth facing downward. 

[0003] The toner container can be positioned on the 
image forming apparatus without regard to the position 
of the developing device. Therefore, when the toner 
container is applied to a full-color image forming appa- 
ratus, a plurality of toner containers should naturally be 
arranged in the apparatus side by side from a mechan- 
ical design standpoint. In this case, the toner containers 
should preferably adjoin each other at a minimum of dis- 
tance in order to save a limited space available in the 
apparatus. 

[0004] However, the problem with the arrangement 
described above is that the toner containers adjoining 
each other are difficult to handle. This is true even when 
each toner container is sized small enough for a person 
to handle it by one hand. While this problem may be 
solved if a handle is provided on the top of the box of 
each toner container, the handle that needs a certain 
degree of strength increases the cost to a noticeable de- 
gree. 

[0005] A toner conveying pump for use in an image 
forming apparatus includes a stator and a rotor config- 
ured to form a space for conveyance therebetween. The 
rotor in rotation conveys toner present in the above 
space. A problem with the conventional toner conveying 
pump is that the toner in the space is heavily com- 
pressed and therefore subject to heavy stress. In addi- 
tion, friction acting between the rotor and the stator 
heats the inside of the pump and therefore the toner 
whose melting point is relatively low. The stress and 
heat are apt to cause the toner to cohere and form a 
number of lumps as small as about 1 mm. Assume that 
the toner including such lumps is conveyed to a devel- 



oping device for forming a toner image on an image car- 
rier. Then, when the toner image is transferred to a pa- 
per sheet or similar recording medium, portions of the 
toner image around the lumps on the image carrier fail 
5 to closely contact the paper sheet. As a result, the toner 
image transferred to the paper sheet includes small ton- 
er spots and blank portions around the toner spots. This 
lowers the quality of the toner image to a critical degree. 
[0006] Technologies relating to the present invention 
10 are disclosed in. e.g.. Japanese Patent Laid-Open Pub- 
lication Nos. 10-333412, 11-102108, 2000-81778, and 
2000-194182. 

SUMMARY OF THE INVENTION 

[0007] It is a first object of the present invention to pro- 
vide an image forming apparatus allowing a toner con- 
tainer to be easily mounted thereto from above without 
resorting to a handle, and the toner container. 
[0008] It is a second object of the present invention to 
provide a toner conveying pump capable of effectively 
preventing toner from cohering in the form of lumps. 
[0009] It is a third object of the present invention to 
provide an image forming apparatus capable of reduc- 
ing the undesirable small toner spots and blank portions 
therearound in a toner image transferred to a recording 
medium. 

[0010] In accordance with the present invention, an 
image forming apparatus includes a body and a mount 
portion included in the body for allowing a toner contain- 
er storing toner to be mounted from above. A releasing 
device releases the toner container from a position 
where it is set in the mount portion. 
[001 1] Further, in accordance with the present inven- 
tion, in a toner container storing toner and to be remov- 
ably mounted to a mount portion included In an image 
forming apparatus. The toner container is mounted to 
the mounted portion from above and released from the 
mount portion upward. 

Moreover, in accordance with the present invention . an 
image forming apparatus includes a mount portion for 
allowing a toner container, which stores toner, to be re- 
movably mounted from above for thereby replenishing 
the toner to a developing device. A nozzle extends up- 
ward from the mount portion. A shutter device is includ- 
ed in the toner container and closed by a resilient mem- 
ber that exerts a force outward of the toner container. A 
pushing member pushes the toner container set in the 
mount portion upward. The force of the resilient member 
is used as a biasing force of the pushing member. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] The above and other objects, features and ad- 
vantages of the present invention will become more ap- 
parent from the following detailed description taken with 
the accompanying drawings in which: 
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FIG. 1 is an isometric view showing a specific con- 
figuration of a mount portion included in an image 
forming apparatus to which the present invention is 
applicable; 

FIG. 2 is a view showing a toner replenishing device 
included in a first embodiment of the image forming 
apparatus in accordance with the present invention; 
FIG. 3 is an isometric view of a toner container in- 
cluded in the illustrative embodiment, as seen from 
the bottom; 

FIG. 4 is a view showing the toner container set in 
a mount portion; 

FIG. 5 is an isometric view showing a specific con- 
figuration of a stop included in the illustrative em- 
bodiment; 

FIG. 6 is a view demonstrating how the toner con- 
tainer is moved; 

FIG. 7 is a view showing another specific configu- 
ration of the stop; 

FIG. 8 is a view showing the toner container in a 
developed position; 

FIG. 9 is a view showing a second embodiment of 
the present invention; 

FIG. 1 0 is a view showing a toner container included 
in the second embodiment is released from amount 
portion; 

FIG. 11 is a fragmentary view showing shutter 
means included in the second embodiment in detail; 
FIG. 1 2 is a view showing how the toner container 
of the second embodiment is released from the 
mount portion; 

FIG. 1 3 is a view showing a third embodiment of the 
present invention; 

FIG. 1 4 is a view showing a toner container included 
in the third embodiment; and 
FIG. 1 5 is a view showing a toner conveying pump 
also included in the third embodiment. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0013] Preferred embodiments of the image forming 
apparatus and a toner container in accordance with the 
present invention will be described hereinafter. 

First Embodiment 

[0014] This embodiment, as well as a second embod- 
iment to fo!low ; is directed toward the first object stated 
earlier. To better understand the illustrative embodi- 
ment, reference will be made to a conventional toner 
container, shown in FIG. 1. As shown, four toner con- 
tainers 20 are arranged side by side in the body 50 of a 
full-color image forming apparatus. Each toner contain- 
er includes a bag, not shown, storing toner therein and 
formed of a resin, paper or similar flexible sheet. The 
bag is received in a rigid box. The toner containers 20 
adjoin each other at a minimum of distance in order to 



save a limited space available in the apparatus. 
[0015] However, the problem with the conventional 
configuration is that the toner containers 20 arranged 
side by side are difficult to handle. This is true even when 

5 each toner container 20 is sized small enough for a per- 
son to handle it by one hand. While this problem may 
be solved if a handle is provided on the top of the box 
of each toner container 20, the handle that needs a cer- 
tain degree of strength increases the cost to a noticeable 

10 degree, as stated earlier. 

[0016] Referring to FIG. 2, a toner replenishing device 
included in the illustrative embodiment is shown. FIG, 3 
shows a specific configuration of a bag-in-box type toner 
container also included in the illustrative embodiment. 

is As shown, a toner container 20 is removably set on a 
mount portion 50 included in the body of an image form- 
ing apparatus and independent of a developing device 
1 0. The toner container 20 is made up of a deformable 
bag 21 storing toner and a box 22 receiving the bag 21 

20 and more rigid than the bag 21 . As shown in FIG. 1 , the 
mount portion 50 may be so positioned as to appear 
when the door or cover of the apparatus body is opened 
or may be mounted on the outside of the apparatus 
body. 

25 [0017] The toner container 20 is mounted to the 
mount portion 50 from above the apparatus body. A noz- 
zle 51 extends upright from the mount portion 50 so as 
to penetrate into the toner container 20. A conical tip 
member 52 is molded integrally with or adhered to the 

30 top of the nozzle 51 . The nozzle 51 has a double wall 
structure. Specifically, an air inlet passage 55 and a ton- 
er outlet passage 54 are formed in the nozzle 51 and 
communicated to the tip member 52. The toner outlet 
passage 54 is bent to the left, as viewed in FIG. 2, at the 

35 bottom of the nozzle 51 and terminates at a toner outlet 
45. The air inlet passage 55 Is bent to the right, as 
viewed in FIG. 2, at a position above the toner outlet 45 
and terminates at an air inlet 34. 
[0018] In the illustrative embodiment, a pipe 41 con- 

40 nects an air pump or air feeding means 40 to the air inlet 
34. The air pump 41 feeds air under pressure to the bag 
22 of the toner container 20 via the pipe 41 and air inlet 
passage 55. Air sent into the bag 22 flows through the 
toner in the bag 22 to thereby fluidize the toner. 

45 [0019] A powder pump or single axis, eccentric screw 
pump 11 is positioned in the vicinity of or constructed 
integrally with the developing device 10. The powder 
pump 11 is made up of a rotor or eccentric screw 1 2, a 
stator 13, and a holder 1 4 embracing the rotor 1 2, stator 

50 1 3 and holder 1 4. The rotor 1 2 is formed of metal or sim- 
ilar rigid material. The stator 13 is formed of rubber or 
similar elastic member and formed with a double screw. 
The holder 14 surrounding the rotor 12 and stator 13 
forms a powder passage. The rotor 1 2 is rotated via a 

55 gear 1 8 connected to a drive shaft 1 7 by a pin joint. A 
solenoid-operated clutch 19 controls the operation of 
the powder pump 11. The holder 14 is formed with a 
suction port 16 at its left end as viewed in FIG. 2. Aflex- 
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ible tube 15 provides fluid communication between the 
suction port 1 6 and the toner outlet 45 of the nozzle 51 . 
The tube 1 5 has a diameter of, e.g., 4 mm to 1 0 mm and 
formed of toner-resistant rubber, e.g., polyurethane rub- 
ber, nitric rubber, EDPM or silicone rubber. The flexible 
tube 15 can be laid in any desired direction, i.e., upward, 
downward, rightward or leftward. 
[0020] The powder pump 1 1 is capable of continuous- 
ly conveying a constant amount of powder, which is pre- 
cisely proportional to the rotation speed of the rotor 12, 
with a high solid-to-gas ratio, as well known in the art. 
In response to a toner replenishment command derived 
from, e.g., image density sensing, the powder pump 11 
starts replenishing a necessary amount of toner to the 
developing device 1 . 

[0021] FIG. 3 is a view of the toner container 20 with 
the bag 22 and box 21 being separated from each other, 
as seen from the bottom. As shown, the bag 22 is im- 
plemented by a flexible sheet or a laminate of flexible 
sheets formed of polyethylene, nylon or similar resin or 
paper. Each sheet may be about 80 ujti to 120 u,m thick. 
A mouth member 23 is affixed to the bag 22 and provid- 
ed with a hermetic structure. The mouth member 23 is 
formed by, e.g., blow molding and formed with a toner 
outlet. A seal valve or self-closing valve 24 is fitted in 
the mouth member 23 and formed of an elastic material, 
preferably foam sponge. Aluminum may advantageous- 
ly be deposited on the outer surface or the inner surface 
of the bag 22 against static electricity or moisture. 
[0022] The bag 22 has a rectangular parallelepiped 
shape when inflated. Four faces of the bag 22 are ta- 
pered toward the mouth member 23 in their portions ad- 
joining the mouth member 23. The box 22 is formed of 
res'm or paper having a certain degree or rigidity and has 
a space therein great enough to accommodate the bag 
21. 

[0023] A full-color image forming apparatus uses four 
toner containers 20 respectively storing yellow toner, 
magenta toner, cyan toner and black toner. The four ton- 
er containers 20 should preferably be set at the mount 
portion 50 in an array, as shown in FIG. 1 . Alternatively, 
the toner containers 20 may. of course, be arranged in 
such a manner as to adjoin each other horizontally and 
vertically. In any case, the toner containers 20 should 
preferably systematically adjoin each other and should 
preferably have tops flush with each other. 
[0024] However, the toner containers 20 arranged in, 
e.g., the configuration shown in FIG. 1 are difficult to pull 
out when , e.g. , they run out of toner. While a space great 
enough to accommodate the operator's fingers with a 
sufficient margin may be provided between nearby toner 
containers 20, such a space is not practical in consider- 
ation of the limited overall space of the apparatus. 
[0025] The illustrative embodiment includes means 
for allowing the operator to pull each toner container 20 
upward out of the mount portion 50. Specifically, as 
shown in FIG. 4, a resilient biasing member or pressing 
means is mounted on the mount portion 50 for biasing 



the toner container 20 upward. While the biasing mem- 
ber may be implemented by, e.g., rubber or sponge, the 
illustrative embodiment uses a compression coil spring 
63. The coil spring 53 is fixed in place on the mount por- 
5 tion 50 while surrounding the nozzle 51. A side wall 47 
is included in the framework of the apparatus body and 
forms the mount portion 50. The side wall 47 includes a 
stop 57 for supporting the toner container 20 accurately 
set at the mount portion 50. In the illustrative embodi- 
10 ment, as shown in FIG. 5, the stop 57 is molded inte- 
grally with the side wall 47. The side wall 47 is imple- 
mented by plastic or sheet metal, providing the stop 57 
with an adequate degree of elasticity. A recess 21 a com- 
plementary in configuration to the stop 57 is formed on 
is thetopofthebox21 , sothatthestop57can abut against 
the bottom of the recess 21 a. 

[0026] In operation, when the operator accurately 
sets the toner container 20 in the mount portion 50, the 
toner container 20 compresses the spring 63. At this in- 
stant, the stop 57 elastically snaps onto the top of the 
box 21 and abuts against the bottom of the recess 21a, 
locking the toner container 20 in the mount portion 50. 
To pull out the toner container 20, the operator releases 
the stop 57 from the top of the box 21 . As a result, the 
spring 63 causes the toner container 20 to hop up. as 
shown in FIG. 6. In this condition, the toner container 20 
is positioned at a higher level than the adjoining toner 
containers 20 and can therefore be easily pulled out. 
[0027] The biasing force of the spring 63 will be de- 
scribed specifically hereinafter. The toner container 20 
is pulled out of the apparatus body mainly when it has 
run out of toner. The biasing force of the spring 63 there- 
fore should only be Intense enough to push up the empty 
toner container 20. Assume that resistance F acts on 
the seal valve 24 when the toner container 20 is pushed 
up away from the nozzle 5 1 , and that the toner container 

20 has a weight M when empty. Then, the biasing force 
of the spring 63 should only be greater than the sum of 
F and M. Also, assuming that the toner container N has 
a weight N when full, then the biasing force of the spring 
63 can be smaller than the sum of F and N. 
[0028] The stop 57 includes a tapered surface 57a 
facing the toner container 20 so as not to obstruct the 
toner container 20 being introduced into the mount por- 
tion 50. Further, in the illustrative embodiment the box 

21 includes inclined surfaces 21b in its lower portion. If 
the stop 57 is positioned such that the tapered surface 
57a faces any one of the inclined surfaces 21b, then the 
former contacts the latter and allows the toner container 
20 to be smoothly introduced into the mount portion. 
[0029] If desired, the stop 57 may be formed inde- 
pendently of the side wall 47. In such a case, the stop 
57 will be pivotally mounted on the apparatus body and 
constantly biased toward the box 21 , but prevented from 
rotating over the expected stop position. The stop 57 
formed integrally with the side wall 47 is advantageous 
over such an alternative configuration because it does 
not need an extra spring or an extra stop. 
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[0030] FIG. 7 shows a specific configuration of the 
stop 57 formed independently of the side wall 47. As 
shown, a solenoid 80 pulls the stop 57 from a locking 
position (solid line) to an unlocking position (phantom 
line) when turned on. Specifically, when the operator 
touches a preselected button, not shown, the solenoid 
80 is turned on to pull the stop 57 to the unlocking po- 
sition against the action of a spring 81. Alternatively, a 
toner end signal representative of the empty state of the 
toner container 20 may automatically turn on the sole- 
noid 80. Further, a motor or similar drive source may be 
used to move the stop 57 from the locking position to 
the unlocking position via a cam. 
[0031 ] In the illustrative embodiment, to frame the box 

21 , a single resin molding is folded at resin hinges in the 
same manner as paper folding. Therefore, when the 
empty toner container 21 is collected, the box 21 can be 
separated from the bag 22 and then developed in a sin- 
gle sheet and conveyed. This noticeably reduces the 
collection cost of the toner container 20. 

[0032] The spring 63 causes the box 21 to hop up, as 
stated earlier. This, however brings about a problem 
that loads act on the bottom of the box 2 1 contacting the 
spring 62 and the top contacting the stop 57, causing 
the top and bottom to collapse. This is likely to obstruct 
the accurate setting of the toner container 20. In light of 
this, as shown in FIG. 8, the top 71 and the bottom 70 
of the box 21 expected to contact the stop 57 and spring 
63, respectively, each are configured to adjoin three oth- 
er faces of the box 21 . That is, the top 71 and bottom 
70 each are separate from the other faces only at one 
side thereof. In this condition, the top 71 and bottom 70 
attain mechanical strength great enough to cope with 
the collapse. 

Second Embodiment 

[0033] Reference will be made to FIG. 9 for describing 
an alternative embodiment of the present Invention. As 
shown, an outer mouth member 23* and an inner mouth 
member 24' are affixed to the bottom center of the bag 

22. constituting a mouth portion. The mouth members 
23' and 24' are formed of polyethylene, nylon or similar 
resin and adhered to each other 

[0034] The outer mouth member 23' and inner mouth 
member 24' respectively include sleeve portions 25 and 
26 extending upward at the center. The sleeve portion 
25 surrounds the sleeve portion 26 in a double wall 
structure. The bag 22 is adhered or otherwise affixed to 
the sleeve portion 24*. A toner outlet passage 27 ex- 
tends throughout the sleeve 26. Shutter means, which 
plays the role of a self-closing valve, 30 is arranged in 
the toner outlet passage 27. While the two mouth mem- 
bers 23* and 24' may be molded integrally with each oth- 
er, such a molding would make it difficult to fill the bag 
22 with toner via the passageway 27 due to the shutter 
means 30. In the illustrative embodiment, the bag 22 is 
filled with toner before the mouth member 24' is adhered 



to the mouth member 23'. Subsequently, the mouth 
member 24 supporting the shutter means 30 is affixed. 
This procedure allows the bag 22 to be packed with ton- 
er in a desirable manner without being obstructed by the 
5 shutter means 30. 

[0035] The shutter means 30 includes a piston 31 
movable back and forth in the axial direction of the toner 
outlet passage 27. A piston rod 32 is formed integrally 
with the piston 31 and extends upward. The upper end 
10 of the piston rod 32 terminates at a stop portion 33. A 
beam member 28 extends upward from the sleeve por- 
tion 26 of the inner mouth member 24'. The stop portion 
33 is to be retained by an annular portion 29 at which 
the upper end of the beam member 28 terminates. A 
is compression coil spring or resilient means 34 is retained 
by the piston 31 at one end and retained by the annular 
portion 29 at the other end. The spring 34 is wound 
round the piston rod 32 and constantly biases the piston 
31 downward, so that the piston 31 is pressed against 
the nozzle 51 . However, as shown in FIG. 1 0, when the 
toner container 20 hops up away from the nozzle 51 , the 
stop 33 abuts against the annular portion 29. 
[0036] The piston 31 is movable between a blocking 
position for blocking the toner outlet passage 27 and an 
unblocking position for unblocking it. Specifically, at the 
unblocking position, the nozzle 51 shown in FIG. 9 push- 
es up the piston 31 against the action of the spring 34 
to thereby unblock the passage 27, as shown in FIG. 9. 
At the blocking position, the piston 31 blocks the pas- 
sage 27, as shown in FIG. 10. At the blocking position, 
the circumferential surface of the piston 31 slidably con- 
tacts the seal member 35 fitted in the passage 27. The 
seal member 35 is formed of foam sponge or similar 
elastic material and has a tubular configuration. A hole 
36 extends throughout the center of the seal member 

35 and has a circular cross-section complementary to 
the contour of the nozzle 51 . 

[0037] As shown in FIG. 11 in detail, assume that the 
piston 31 has a diameter D1 . and that the through hole 

36 has a diameter D2. Then, the diameter D1 is selected 
to be greater than the diameter D2. At the blocking po- 
sition, therefore, the entire circumference of the piston 
31 contacts the seal member 35. The nozzle 51 has a 
diameter equal to the diameter D1 of the piston 31 . As- 
sume that a gap s exists between the inside diameter of 
the sleeve portion 26 of the inner mouth member 24' and 
the circumference of the piston 31 . Then, the gap s is 
selected to be 0.2 mm or above. This gap prevents the 
sleeve portion 26 from interfering with the movement of 
the piston 31 . 

[0038] The shutter means 30 selectively blocks the 
toner outlet passage 27 under the action of the spring 
34, as stated above. Therefore, when the toner contain- 
er 20 is pulled upward away from the nozzle 51 , the shut- 
ter means 30 surely closes the passage 27 without re- 
gard to the environment, e.g., low temperature. At this 
instant, although the piston 31 slidingly contacts the seal 
member 35, the through hole 36 prevents the seal mem- 
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ber 35 from partly tearing even when it is formed of 
sponge. 

[0039] The piston 31 has a bottom 31a expected to 
face the top of the tip member 52 of the nozzle 51 . The 
bottom 3 1 a of the piston 31 and thetop of the tip member 
52 are so configured as to closely contact each other 
without any gap. Basically, the bottom 31a of the piston 
31 and the top of the tip member 52 may be configured 
flat each. In the illustrative embodiment, the top of the 
tip member 52 and the bottom 31a of the piston 31 are 
configured convex and concave, respectively. It follows 
that the axis of the nozzle 51 can accurately coincide 
with the axis of the piston 31 even if slightly deviated 
from the latter when penetrated into the toner container 
20. 

[0040] The configuration shown in FIG. 11 allows the 
piston 33 and nozzle 51 to surely align with each other 
and contact each other. Therefore, when the toner con- 
tainer 20 is released from the nozzle 51 , the toner is 
prevented from leaking through the toner outlet passage 
27. More specifically, as shown in FIG. 12. the nozzle 
51 slidably contacting the seal member 35 moves away 
from the piston 31 . At this instant, should the axis of the 
piston 33 and that of the nozzle 51 be not aligned, a gap 
temporarily appearing between the piston 31 and the 
seal 25 would cause the toner to leak. Further, in the 
illustrative embodiment, the bottom 31 a of the piston 31 
and the top of the tip member 52 closely contact each 
other. This prevents the toner otherwise entering a gap 
between the piston 31 and the tip member 52 from drop- 
ping. 

[0041] The illustrative embodiment, like the previous 
embodiment, includes means for causing the toner con- 
tainer 20 to hop up away from the nozzle 51 . Specifically, 
as shown in FIG. 9, the above means includes a mova- 
ble support 61 having a generally U-shaped cross-sec- 
tion and formed with a flange 62 at its top. The spring 
63 constantly biases the support 61 upward. A seal 64 
formed of, e.g., sponge is fitted in the support 61 and 
adhered or otherwise affixed thereto. A slit is formed 
throughout the center of the seal 64 and assigned to the 
nozzle 51 . 

[0042] In the illustrative embodiment, the spring 63 is 
preloaded between the frame of the mount portion 50 
and the support 61 , constantly forcing the flange 62 of 
the support 62 upward. When the toner container 20 is 
absent in the mount portion 50, the spring 63 maintains 
the support 61 at its uppermost position shown in FIG. 
10. The spring 63 has its length and biasing force so 
selected as to prevent the support 61 from slipping out 
of the nozzle 51 . 

[0043] As shown in FIGS. 9 and 1 0, in the illustrative 
embodiment, the stop 57 is formed integrally with the 
mount portion 50, which is assigned to each toner con- 
tainer 20. The mount portion 50 is formed of plastic or 
sheet metal, so that the stop 57 has a suitable degree 
of elasticity. Again , the stop 57 abuts against the bottom 
of the recess 21 a, which is formed in the top of the box 



21 , thereby locking the toner container 20 at the set po- 
sition. 

[0044] In operation, when the operator accurately 
sets the toner container 20 in the mount portion 50, the 

5 toner container 20 compresses the spring 63. At this in- 
stant, the stop 57 elastically snaps onto the top of the 
box 21 to abut against the bottom of the recess 21a, 
locking the toner container 20 in the mount portion 50. 
To pull out the toner container 20, the operator releases 

10 the stop 57 from the top of the box 21 . As a result, the 
springs 63 and 34 cause the toner container 20 to hop 
up, as shown in FIG. 10. In this condition, the toner con- 
tainer 20 is positioned at a higher level than the adjoining 
toner containers 20 and can therefore be easily pulled 

15 out. 

[0045] The biasing force of the spring 63 will be de- 
scribed specifically hereinafter The toner container 20 
is pulled out of the apparatus body mainly when it has 
run out of toner, as stated earlier. The biasing force of 

20 the spring 63 therefore should only be intense enough 
to push up the empty toner container 20. At this instant, 
the biasing force of the spring 63 may fail to fully push 
up the toner container 20 alone. In the illustrative em- 
bodiment, the spring 34 of the shutter means 30 helps 

25 the spring 63 push up the toner container 20, obviating 
the above occurrence. Assume that resistance F acts 
on the seal member 35 when the toner container 20 Is 
pushed up away from the nozzle 51 , and that the toner 
container 20 has a weight M when empty. Then, the sum 

30 of the biasing force of the spring 63 and that of the spring 
34 should only be greater than the sum of F and M. Also, 
assuming that the toner container N has a weight N 
when full, then the biasing force of the spring 63 can be 
smaller than the sum of F and N. 

35 [0046] It is noteworthy that the illustrative with the seal 
member 35, in which the through hole 36 is formed, is 
practicable with far smaller resistance F than the previ- 
ous embodiment. This further reduces the biasing force 
required of the spring 63. 

40 [0047] In the first and second embodiments shown 
and described, the spring or biasing means 63 is mount- 
ed on the apparatus body. Alternatively, the spring 63 
may be affixed to the toner container. The illustrative 
embodiments are practicable not only with the bag-in- 

45 box type toner container 20 made up of the bag 21 and 
box 22, but also with any other toner container having 
certain strength. 

[0048] As stated above, the first and second embod- 
iments have various unprecedented advantages, as 
50 enumerated below. 

(1) The toner container mounted to the mount por- 
tion is caused to hop up when run out of toner. The 
toner container can therefore be easily mounted 

55 and dismounted from the mount portion. A minimum 
of biasing force is necessary to cause the toner con- 
tainer to hop up. 

(2) The stop surely locks the toner container in the 
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set position with a simple, inexpensive configura- 
tion. 

(3) The stop does not interfere with the toner con- 
tainer being introduced into the mount portion. The 
toner container can therefore be smoothly set in the 
mount portion. In addition, the stop member can be 
easily released from the toner container 

(4) The toner container can be automatically moved 
away from the mount portion when run out of toner. 

(5) The top and bottom of the box. which form part 
of the toner container, each adjoin other three faces 
when the box is developed in a single sheet. The 
top and bottom are therefore free from deformation 
ascribable to the loads of biasing means. 

(6) The mouth of the toner container is surely closed 
by the spring. Inaddition, the force of the spring con- 
tributes to the hop-up of the toner container. 

(7) The force of the resilient member included in the 
shutter means and that of the biasing means coop- 
erate to surely move the toner container away from 
the mount portion. 

Third Embodiment 

[0049] This embodiment is mainly directed toward the 
second and third objects stated earlier. FIG. 13 shows 
the illustrative embodiment implemented as an image 
forming apparatus including a toner conveying pump. 
As shown, the illustrative embodiment includes a proc- 
ess cartridge 118 removably mounted to the apparatus 
body not shown. The process cartridge 118 includes a 
unit case 119. A photoconductive drum 102, which is a 
specific form of an image carrier, is rotatably mounted 
on the unit case 119. A drive mechanism, not shown, 
mounted on the apparatus body causes the drum 102 
to rotate clockwise, as indicated by an arrow in FIG. 1 3. 
A charge roller, which is a specific form of a charger, 1 20 
is also rotatably mounted on the unit case 119 and con- 
tacts the drum 102 while in rotation. The charge roller 
120 uniformly charges the surface of the drum 102 to 
preselected polarity. 

[0050] A laser writing unit, not shown, emits a laser 
beam L modulated in accordance with image data. The 
laser beam L scans the charged surface of the drum 
1 02, thereby forming a latent image on the drum 1 02. In 
the illustrative embodiment, potential on the drum 1 02 
decreases in portions scanned by the laser beam L, 
forming the latent image. The other portion of the drum 
1 02 forms the background of the latent image. The laser 
writing unit is a specific form of an exposing unit. 
[0051] A developing device 122 forming part of the 
process cartridge 118 develops the latent image with 
toner to thereby form a corresponding toner image. The 
developing device 122 includes a casing 123 formed by 
part of the unit case 119, a developing roller 124, and 
an agitator or agitating roller 125. The developing roller 
124 and agitator 125 are rotatably mounted on the cas- 
ing 123. The developing sleeve 124 is rotatable coun- 



terclockwise. The casing 123 stores a two-ingredient 
type developer D, i.e., a toner and carrier mixture. The 
two-ingredient type developer may be replaced with a 
one-component type developer or toner, if desired. 
5 [0052] The agitator 1 25 agitates the developer O with 
the result that the toner and carrier are charged to op- 
posite polarities by friction. The developing roller 124, 
to which a bias for development is applied, conveys the 
developer D deposited thereon while a metering blade 
10 1 26 regulates the thickness of the developer D. Conse- 
quently, the developer D forming a layer on the devel- 
oping roller 124 is brought to a developing position be- 
tween the roller 1 24 and the drum 1 02. At the developing 
position, the toner of the developer D is transferred from 
'5 the developing roller 124 to the drum 102, developing 
the latent image. A toner content sensor 135 is respon- 
sive to the toner content of the developer D existing in 
the casing 123. When the output of the toner content 
sensor 135 shows that the toner content is short, fresh 
toner is replenished to the casing 123, as will be de- 
scribed later specifically. 

[0053] A sheet feeder is arranged in the apparatus 
body below the process unit 1 1 8. The sheet feeder feeds 
a paper sheet, resin sheet or similar recording medium 
P. A belt 108, which faces the drum 102 and rotates in 
a direction A, conveys the paper sheet P to an image 
transfer position between the drum 1 02 and the belt 1 08. 
An image transfer brush 109, which is a specific form of 
an image transferring device, is applied with a voltage 
opposite in polarity to the charge deposited on the toner. 
The brush 1 09 therefore transfers the toner image from 
the drum 1 02 to the paper sheet P. The brush 1 09 may, 
of course, be replaced with a roller a blade or a corona 
discharger, if desired. The belt 108 further conveys the 
paper sheet P carrying the toner image thereon in the 
direction A. The paper sheet P left the belt 1 08 is routed 
through a fixing unit, not shown, to the outside of the 
apparatus body. The fixing unit fixes the toner image on 
the paper sheet P. 

[0054] A drum cleaner 127 removes the toner left on 
the drum 1 02 after the image transfer. The drum cleaner 
1 27 includes a casing 1 28 formed by part of the u nit case 
119, a brush 129 : and a blade 130. The brush 129 is 
mounted on the casing 128 and rotatable in a direction 
indicated by an arrow. The blade 130 is affixed to the 
casing 128 at its base end. The brush 129 and blade 
130 are held in contact with the drum 102 in order to 
scrape off the toner left on the drum 1 02. 
[0055] The toner removed by the drum cleaner 1 27 is 
collected in the casing 128 and then conveyed to the 
developing device 1 22 by a toner conveying device 1 41 . 
The developing device 122 again uses the toner re- 
turned thereto. Thetonerconveying device 1 41 includes 
a pipe 131 extending from the casing 128 to the devel- 
oping device 122 and a toner conveying member 132, 
which is caused to rotate by a drive source not shown. 
[0056] A screw 1 42 is disposed in the casing 1 28 and 
rotatable to convey the toner collected by the brush 1 29 
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and blade 130 to the pipe 131. The toner conveying 
member 1 32 in rotation conveys the toner brought to the 
pipe 131 to a toner conveying pump 133 through the 
pipe 131. The toner conveying pump 133 returns the 
toner conveyed thereto to the casing 123 of the devel- 
oping device 122, as will be described later specifically. 
[0057] When the toner co ntent of the developer D ex- 
isting in the casing 1 23 is determined to be short on the 
basis of the output of the toner content sensor 35, fresh 
toner is replenished to the developing device 122, as 
will be described hereinafter. 

[0058] FIG. 14 shows a toner container 1 34 remova- 
bly set in a preselected portion of the apparatus body 
remote from the process cartridge 118. As shown, the 
toner container 134 includes a container body 137 
formed with a mouth 1 38 and a seal member 1 39 formed 
of a foam material and fitted in the mouth 138. The con- 
tainer body 137 is packed with powdery toner T. 
[0059] The apparatus body includes a nozzle 143 
having a double wall structure. Specifically, the nozzle 
143 has a toner outlet pipe 145 and a nozzle pipe 146 
affixed to the toner outlet pipe 145. An opening 144 is 
formed in one end of the toner outlet pipe 1 45 for admit- 
ting the toner T into the pipe 145. An annular air inlet 
passage 147 is formed between the toner outlet tube 
1 45 and the nozzle tube 1 46. One end 1 48 of the nozzle 
tube 1 46 is open to the inside of the container body 1 37. 
A tube 149 provides communication between an air 
pump 1 50, which is mounted on the apparatus body, and 
the other end of the nozzlepipe 146. Atube 151 is con- 
nected at one end to the other end of the toner outlet 
tube 145. 

[0060] Assume that the output of the toner content 
sensor 1 35, FIG. 1 3, shows that the toner content of the 
developer D in the developing device 1 22 is short. Then, 
the air pump 150 is caused to feed air under pressure 
to the nozzle pipe 146 via the tube 149. Air is then sent 
from the nozzle pipe 1 46 to the container body 1 37 via 
the air passage 147 and air outlet 148, as indicated by 
arrows in FIG. 14. Air flows in the container body 137 
while fluidizing the toner T and raising pressure inside 
the container body 137. The raised pressure inside the 
container body 137 delivers the fluidized toner T to the 
outside of the toner container 1 34 via the toner outlet 
pipe 145 in cooperation with the toner conveying pump 
133, FIG. 13. Subsequently, the toner T is conveyed 
through the tube 151 to the toner conveying pump 133 
together with air. 

[0061] FIG. 15 shows a specific configuration of the 
toner conveying pump 133. As shown, the pump 133 
includes a hollow tubular stator 153 and a single axis, 
eccentric rotor 1 54 rotatably disposed in the center bore 
of the stator 153. A spiral groove (two spiral grooves in 
the illustrative embodiment) is formed in the inner pe- 
riphery of the stator 153. The rotor 154 resembles a 
male screw. The stator 153 is fixed in place within a cas- 
ing 1 52 and formed of rubber or similar elastic material 
or a rigid material. The rotor 154 spirally extends 



throughout the stator 153 in such a manner as to form 
a space R for conveying the toner. The rotor 154 has a 
circular cross-section in any plane. The center of the cir- 
cular cross-section is offset from the axis of the rotor 
5 1 54 and spirally extends around the axis in the axial di- 
rection. Consequently, the space R for the toner is 
formed between the outer circumference of the rotor 1 54 
and the inner circumference of the stator 1 53. The stator 

153 contacts the rotor 154 in such a manner as to em- 
10 brace the rotor 1 54 and is fixed in place. The pump 1 33 

is identical in basic configuration with a conventional 
powder pump referred to as a single axis, eccentric 
screw pump, a screw pump or a Morno pump. 
[0062] A screw conveyor 155, which is rotatably po- 
15 sitioned in the casing 152, is connected at one end to 
the rotor 154. A gear 156 is mounted on the other end 
of the screw conveyor 155. The tube 151, FIG. 14, is 
connected to an opening formed in the casing 1 52. The 
tube 131 , FIG. 13, is connected to another opening also 
formed in the casing 152. 

[0063] Again, assume that the toner content of the de- 
veloper D in the developing device 122 becomes short, 
as sensed by the toner content sensor 135. Then, the 
gear 156 of the toner conveying pump 133 starts rotating 
at the same time as the air pump 150. FIG. 14 starts 
rotating. The gear 156 causes the screw conveyor 155 
and rotor 154 to start rotating. Consequently, the toner 
T delivered to the casing 152 is driven into the space R 
between the rotor 1 54 and the stator 1 53. The rotor 1 54 
in rotation causes the space R to move from the right to 
the left, as viewed in FIG. 1 5. The resulting suction pres- 
sure conveys the toner T from the right to the left, as 
viewed in FIG. 15. Asa result, the toner T is replenished 
to the casing 1 23 of the developing device 1 22 via a pipe 
157 (see FIG. 13 as well) connected to the casing 152, 
At this instant, the collected toner conveyed-to the cas- 
ing 152 via the pipe 131 is also delivered to the casing 
1 23 together with the fresh toner. 
[0064] If desired, compressed air may be introduced 
into the casing 152 via an air inlet port 158 in order to 
further fluidize the toner T brought to the casing 152. 
[0065] The operation described above ends in a 
preselected period of time and then repeated later every 
time the toner content of the developer D becomes 
short. As a result, the toner content of the developer D 
in the developing device 122 is maintained constant. Air 
delivered to the developing device 1 22 together with the 
toner is discharged via a filter, not shown, fitted on the 
casing 123. 

[0066] While the toner conveying pump 1 33 conveys 
the toner in the previously stated manner, the toner is 
heavily compressed in the space R between the rotor 

154 and the stator 153 and subjected to heavy stress. 
This, coupled with frictlonal heat derived from the sliding 
contact of the rotor 154 with the stator 153, is apt to 
cause the toner to cohere in the form of a number of 
lumps. The lumps form the previously stated small toner 
spots and blank portions therearound in the resulting im- 
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age and thereby degrade image quality. 
[0067] In light of the above, in the illustrative embod- 
iment, the rotor 154 is formed of aluminum, stainless 
steel or similar metal having high thermal conductivity. 
Th is allows f rictional heat ascribable to the f rictional con- 
tact of the rotor 1 54 and stator 1 53 to be radiated to the 
outside of the pump 133 via the rotor 154 at an early 
stage of operation. It follows that the toner being con- 
veyed is heated little and does not form any lump or 
forms a minimum number of lumps. Consequently, the 
small toner spots and blank portions are obviated or re- 
duced In a toner image transferred to the paper sheet 
P, FIG. 13. This is contrastive to a conventional rotor 
that is usually formed of resin in order to reduce cost. 
[0068] While the rotor 154 formed of metal having 
high thermal conductivity is desirable from the heat ra- 
diation standpoint, it must be formed by cutting a metal- 
lic material and therefore needs an extra cost. In an al- 
ternative configuration, to reduce the cost, the rotor 1 54 
is made up of a core formed of polycarbonate resin, ABS 
resin or similar resin and a layer of nickel or similar metal 
having high thermal conductivity and coating the core. 
The core implemented as a resin molding is easier to 
machine and therefore lowerincost than a metallic rotor. 
Further, the metallic coating covering the core promotes 
the radiation of heat ascribable to the sliding contact of 
the rotor 154 and stator 153 to the outside of the toner 
conveying pump 1 33 at an early stage of operation. This 
is successful to achieve the various advantages stated 
eari per without increasing the cost of the toner convey- 
ing pump 133. 

[0069] Alternatively, the rotor 154 may be formed of 
resin containing silicone oil or similar lubricant. The lu- 
bricant reduces the coefficient of friction between the 
stator 1 53 and the rotor 1 54 and thereby allows the rotor 
1 54 to smoothly slide on the stator 1 53 while generating 
a minimum of heat. This is also successful to reduce the 
small toner spots and blank portions therearound in a 
toner image ascribable to the lumps of toner. 
[0070] The toner conveying pump 133 is applicable to 
the image forming apparatus described with reference 
to FIGS. 1 3 through 1 5 for surely enhancing the quality 
of a toner image transferred to a paper sheet. 
[0071] The illustrative embodiment is applicable to a 
broad range of image forming apparatuses including the 
apparatus shown and described. Also, the structure of 
the toner conveying pump shown and described is only 
illustrative. For example, the toner conveying pump is 
similarly applicable to an image forming apparatus of the 
type including an intermediate image transfer body via 
which a toner image Is transferred from a photoconduc- 
tive element to a paper sheet. Further, the toner convey- 
ing pump may be implemented as a pump for conveying 
toner collected from a photoconductive element to a de- 
veloping device. 

[0072] As stated above, the illustrative embodiment 
has various unprecedented advantages, as enumerat- 
ed below. 
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(1) The rotor formed of metal having high thermal 
conductivity promotes heat radiation and prevents 
toner being conveyed by the toner conveying pump 
from being heated. Tnis prevents the toner from co- 
hering in the form of lumps. 

(2) The metallic coating layer covering the core of 
the rotor promotes heat radiation and also allows 
the above advantage (1 ) to be achieved, tn addition, 
the core formed of resin is low cost. 

(3) The rotor is formed of resin containing a lubricant 
and can therefore smoothly slide on the stator, so 
that heat ascribable to the sliding contact of the rotor 
and stator is reduced. This is also successful to 
achieve the advantage (1). 

(4) The toner free from lumps enhances the quality 
of a toner image transferred to a paper sheet. 



[0073] Various modifications will become possible for 
those skilled in the art after receiving the teachings of 
20 the present disclosure without departing from the scope 
thereof. 
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Claims 

1 . An image forming apparatus comprising: 

a body; 

a mount portion (50) included in said body for 
allowing a toner container (20) storing toner to 
be mounted from above said mount portion; 
and 

releasing means (57) for releasing the toner 
container from a position where said toner con- 
tainer (20) is set in said mount portion. 

2. The apparatus as claimed in claim 1 , wherein said 
releasing means comprises biasing means (63) for 
constantly biasing the toner container upward. 

3. The apparatus as claimed in claim 2, wherein said 
biasing means comprises resilient biasing means 
(63) mounted on said apparatus. 



45 4. The apparatus as claimed in claim 2 or 3, wherein 
a nozzle (51) is mounted on said body in such a 
manner as to penetrate into the toner container 
(20), and 

assuming that resistance F acts when the ton- 
50 er container is moved away from said nozzle, and 
that said toner container has a weight M when emp- 
ty, said biasing means (63) exerts a biasing force 
greater than a sum of F and M. 

55 5. The apparatus as claimed in any of claims 2 to 4, 
wherein assuming that resistance F acts when the 
toner container (20) is moved away from said noz- 
zle (51 ), and that said toner container has a weight 
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N when full, said biasing means (63) exerts a bias- 
ing force smaller than a sum of F and N. 

6. The apparatus as claimed in any of claims 2 to 5, 
further comprising locking means (57) for locking 
the toner container (20) set in said mount portion 
(50) against an action of said biasing means (63). 

7. The apparatus as claimed in claim 6, wherein said 
locking means comprises a stop (57) included in 
said body in such a manner as to abut against the 
toner container (20). 

8. The apparatus as claimed in claim 7, wherein said 
stop is formed integrally with a side wall (47) includ- 
ed in said mount portion. 

9. The apparatus as claimed in claim 7 or 8, wherein 
said stop is movable between a locking position for 
locking the toner container due to elasticity (81) of 
said stop and an unlocking position for unlocking 
said toner container. 

10. The apparatus as claimed in any of claims 7 to 9, 
wherein said stop includes a tapered surface in an 
upper portion that faces the toner container when 
said toner container is set in said mount portion, 
said tapered surface approaching said toner con- 
tainer downward. 

11. An image forming apparatus comprising: 

a mount portion (50) for allowing a toner con- 
tainer (20) storing toner to be mounted; 
a stop (57) engageable with the toner container 
(20) for locking said toner container set in said 
mount portion against an action of biasing 
means (63); and 

moving means (80,81) for selectively moving 
said stop (57) between a locking position for 
locking the toner container and an unlocking 
position for unlocking said toner container. 

12. The apparatus as claimed in claim 11 , wherein said 
moving means (80 : 81) moves said stop (57) from 
the locking position to the unlocking position in re- 
sponse to a toner end signal representative of an 
empty state of the toner container. 

13. The apparatus according to claim 11 or 12, wherein 
said toner container (30) is mounted to said mount 
portion (50) from above and released from said 
mount portion upward. 

14. The apparatus as claimed in any of claims 11 to 13, 
comprising biasing means (63) for constantly bias- 
ing said toner container upward. 



15. The apparatus as claimed in any of claims 1 to 14, 
wherein said toner container comprises 

a deformable bag (22) for storing the toner; and 
5 futher comprising 

a box (21) accommodating said bag, said box 
being more rigid than said bag; 
wherein said box (21) has a top (71) and a bot- 
tom (70), in a direction of mounting, each ad- 
joining other three faces when said box (21) is 
developed in a single sheet. 

16. An image forming apparatus including a mount por- 
tion (50) for allowing a toner container (20), which 

15 stores toner, to be removably mounted from above 
for thereby replenishing said toner to a developing 
device, said image forming apparatus comprising: 

a nozzle (51) expending upward from the 
mount portion (50); 

shutter means (30) included in the toner con- 
tainer and closed by a resilient member (34) 
that exerts a force outward of said toner con- 
tainer (20); and 

pushing means (63) for pushing the toner con- 
tainer (20) set in the mount portion upward; 
wherein the force of said resilient member (34) 
is used as a biasing force of said pushing 
means. 

17. The apparatus as daimed in claim 1 6, wherein said 
pushing means comprises biasing means (63) for 
constantly biasing the toner container (20) upward, 
and 

assuming that resistance F acts when the ton- 
er container (20) is moved away from said nozzle 
(51), and that said toner container has a weight M 
when empty, a sum of the biasing force of said bi- 
asing means (63) and the force of said elastic or 
resilient member is greater than a sum of F and M. 

18. A toner conveying pump comprising: 

a tubular stator (153) formed with a spiral 
groove in an inner periphery; and 
a rotor (154) received in said stator and spirally 
extending such that a space (R) for conveying 
toner is formed between the inner periphery of 
said stator and said rotor; 
wherein said rotor (154) is formed of metal. 

19. A toner conveying pump comprising: 

a tubular stator (153) formed with a spiral 
groove in an inner periphery; and 
a rotor (154) received in said stator and spirally 
extending such that a space (R) for conveying 
toner is formed between the inner periphery of 
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said stator and said rotor; 
wherein said rotor (154) comprises a core 
formed of resin and a metallic coating layer cov- 
ering a surface of said core. 

5 

20. A toner conveying pump comprising: 

a tubular stator (153) formed with a spiral 
groove in an inner periphery; and 
a rotor ( 1 54) received in said stator and spirally to 
extending such that a space (R) for conveying 
toner is formed between the inner periphery of 
said stator and said rotor; 
wherein said rotor (154) is formed of resin con- 
taining a lubricant. *5 

21 . The pump as claimed in claim 20, wherein the lu- 
bricant comprises oil. 

22. An image forming apparatus comprising: 20 

a toner conveying pump (133) according to any 
of claims 18 to 21; 

an image carrier (102) for forming an electro- 
static latent image thereon; 25 
a developing device (1 22) for developing the la- 
tent image on said image carrier (1 02) with ton- 
er conveyed by said toner conveying pump to 
thereby obtain a toner image; and 
an image transferring device for transferring the 30 
toner image from said image carrier (102) to a 
recording medium. 

23. The image forming apparatus according to any of 
claims 1 to 1 7, further comprising a toner conveying 35 
pump (1 33) according to any of claims 1 8 to 21 . 
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Fig. 5 
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Fig. 12 




23 



EP1 154 333 A2 



Fig. 13 



118 




24 



EP 1 154 333 A2 



Fig. 14 
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